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Introduction: Cerebellar syndromes are rare yet potentially serious presentations in the emergency department, requiring timely
diagnosis and intervention. The differential diagnosis is wide, encompassing stroke, multiple sclerosis, toxic reactions, and
metabolic imbalances such as hypomagnesemia. Proton pump inhibitors (PPIs) have been increasingly recognized as a cause of
severe hypomagnesemia, which can lead to reversible cerebellar syndrome.

Case Reports: We present two cases of reversible cerebellar syndrome caused by hypomagnesemia. The first case involves a 65-
year-old man with a two-week history of weakness, dizziness, and inappetence. After extensive investigation, including normal
MRI and vestibular testing, his symptoms were attributed to severe hypomagnesemia secondary to esomeprazole use. Magnesium
supplementation led to clinical improvement. The second case is a 68-year-old man with progressively worsening dizziness,
nausea, and instability. Hypomagnesemia related to omeprazole use was identified as the cause, and intravenous magnesium

supplementation significantly improved his condition.

Discussion: Hypomagnesemia is an often overlooked but important cause of cerebellar dysfunction. Magnesium deficiency leads
to neuronal hyperexcitability, particularly affecting the cerebellum. In both cases, PPI use was the primary cause of hypo-
magnesemia, with magnesium supplementation reversing most symptoms. Cerebellar symptoms from hypomagnesemia may
fluctuate, complicating diagnosis, and normal brain imaging does not rule out this condition. Regular monitoring of serum
magnesium levels in patients on long-term PPI therapy is essential. These cases illustrate that PPI-induced hypomagnesemia
should be considered in patients presenting with atypical dizziness and balance disorders. Early diagnosis and treatment with
magnesium supplementation can reverse symptoms, although some residual effects may persist. Continuous monitoring is crucial
for patients requiring long-term PPI therapy to prevent recurrence.
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1. Introduction

Cerebellar syndrome is a rare clinical presentation in the
emergency department, but it represents a diagnostic
emergency, as it may indicate an acute pathology requiring
prompt management. The clinical presentation is charac-
terized by gait and balance and coordination disorders with
ataxia, dysarthria, vertigo, and nystagmus [1]. The differ-
ential diagnosis is broad and includes acute vascular

problems (stroke); multiple sclerosis; paraneoplastic syn-
dromes; various toxic or drug reactions; and metabolic,
infectious, or inflammatory problems (e.g., Guillain-Barré
syndrome). Among these, a rare and misleading cause is
hypomagnesemia [1].

Magnesium is the second most frequent ion in the in-
tracellular compartment (after potassium) and the fourth
most frequent ion in the extracellular compartment (after
calcium, potassium, and sodium) [2]. Normal blood
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concentration is 0.65-1.05mmol/L (1.30-2.10 mEq/L). It
plays a crucial role in various physiological processes, in-
cluding neurological function. It is involved in nerve
transmission, cardiac excitability, neuromuscular conduc-
tion, muscular contraction and relaxation, vascular tone,
and glucose and insulin metabolism [2]. It is a cofactor for
numerous enzymatic reactions. Magnesium homeostasis is
based on dietary intake and intestinal absorption, stool
excretion, uptake and release from bones, and balance be-
tween intra- and extracellular compartments.

Hypomagnesemia is not uncommon, reported in
2.5%-15% of the general population, even more in hospi-
talized and intensive care unit patients [3]. It may occur in
cases of insufficient food intake, increased intestinal or renal
losses, or inadequate redistribution from the extracellular to
the intracellular compartment [3]. Some drugs are also
known to cause hypomagnesemia, such as proton pump
inhibitors (PPIs), diuretics, antibiotics, antivirals, anti-
mycotics, chemotherapy, immunosuppressants, and cardiac
medications.

In this manuscript, we present two cases of atypical
hypomagnesemia-induced reversible cerebellar syndrome
(HiCS) attributed to PPIs.

2.Case 1

A 65-year-old man presented to the emergency room with
a two-week history of generalized weakness and loss of
appetite.

His medical history included a right superior lobectomy,
1 month before, for a pulmonary adenocarcinoma, an epi-
dermoid carcinoma of the left vocal cord treated by cor-
dectomy, a coronary angioplasty, arterial hypertension,
post-tabagic COPD Gold 1, restless legs syndrome, Type II
diabetes, ethylism, and active smoking.

His medication included aspirin 80 qd, esomeprazole
40 mg, diltiazem 200 mg qd, lormetazepam 1 mg qd, met-
formin 425 mg bd, perindopril 10 mg qd, atorvastatin 40 mg
qd, ezetimibe 10 mg qd, and inhaled tiotropium 18 ug qd.

The patient complained of loss of appetite, generalized
weakness, dizziness with postural instability, blurred vision,
and nausea and vomiting for a few days. No abdominal or
thoracic pain or fever was reported. The blood pressure was
150/93 mmHg, temperature was 36,2°C, cardiac frequency
was 91 beats per minute, and the oxygen level was 99%.

The general clinical examination was unremarkable. The
neurological evaluation identified a multidirectional nys-
tagmus without alteration of the state of consciousness,
abnormality of the cranial pairs, or sensory-motor deficit.

A blood test showed an inflammatory syndrome with
a CRP level at 80 mg/L, leucocytes at 13,93/uL, glycemia at
182mg/dL, urea levels at 34mg/dL, creatine levels at
0.46 mg/dL, sodium levels at 138 mmol/L, and potassium
levels at 3.6 mmol/L.

He also had a normal electrocardiogram, an encysted
effusion in the right upper pulmonary apex on a chest X-ray,
and a normal head CT-scan.

The diagnosis of a pulmonary infection was initially
made, and antibiotics were started on the recommendation
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of the pneumologist. The attending neurologist confirmed
significant gait instability, normal cerebellar tests, and
a slight dysphonia, which was related to the vocal cord
surgery. The neurological examination was otherwise un-
remarkable. The Hallpike maneuver triggered a leftward-
beating nystagmus. An ENT consultation and an MRI were
requested.

The ENT evaluation revealed spontaneous multidirec-
tional nystagmus, retropulsion with the Romberg, left
dysmetria with the finger-nose maneuver, and a normal
head impulse test. A central etiology was suspected, and an
MRI was carried out quickly. The brain MRI and lumbar
puncture were normal, and the patient was discharged home
with an ENT check-up scheduled later.

After 10 days, the patient was readmitted to the emer-
gency department with dizziness on movement and at rest,
with severe nausea leading to total inappetence. The patient
was admitted to the ENT department. Vestibular exami-
nations were performed. The vertical test was not deviated.
Videonystagmography (VNG) revealed no spontaneous
nystagmus, no nystagmic preponderance in the damped
pendulum test, and no hyporeflexia in the caloric tests.
Ocular fixation indices were pathological (87%). Visual
pursuit and saccades were correctly performed. The video
head impulse test (VHIT) showed no clear semicircular
canal involvement.

The cerebellar syndrome was finally attributed to severe
hypomagnesemia (measured < 0.24 mmol/L 4days after
hospital admission; local reference range: 0.66-0.94 mmol/
L), and an oral supplementation was administered. As there
was no urinary loss (normal magnesuria) and no signs of
gastrointestinal disease, the hypomagnesemia was attributed
to PPI treatment. The dose of PPI was gradually reduced
from 40 to 20 mg qd, but as the patient’s reflux could only be
relieved by PPI, it was decided to keep the PPI while
maintaining the magnesium supplementation.

The patient was readmitted to the hospital with re-
currence of dizziness and instability 5months later. He
reduced the magnesium dosage to 450 mg once a day, with
a blood magnesium concentration again below the limit of
quantification (0.24 mmol/L). The twice-a-day dosage was
restored, which enabled magnesium levels to be maintained
slightly below local reference values.

3. Case 2

A 68-year-old man presented to the emergency department
with dizziness and vomiting that had been progressively
worsening for 1 month. Patient’s history included arterial
hypertension, arteritis of the lower limbs, hypertensive
hypertrophic cardiomyopathy, postsmoking COPD Gold 2,
gastroesophageal reflux disease, paroxysmal atrial fibrilla-
tion, and active smoking. His medication included ome-
prazole 20 mg qd, asaflow 80mg qd, apixaban 5mg bid,
bisoprolol 2.5 mg qd, simvastatin 40 mg qd, lisinopril 5mg
qd, and alprazolam 0.25 mg qd.

The patient complained of baseline permanent vertigo
(whether stationary or moving) with intermittent but in-
tense acute vertigo lasting a few seconds or minutes, with no
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identified trigger. He also complained of nausea for 1 month,
progressively worsening, associated with inappetence and an
altered general state. He was now experiencing constant
dizziness with permanent instability and repeated vomiting
for 3 days. Walking was currently impossible because of the
dizziness, and he could no longer stand on his legs.

General physical examination and basic neurological
examination in the emergency room were unremarkable.
The finger-nose test was slow but with no obvious asym-
metry. The Romberg and Fukuda tests were not possible due
to severe dizziness.

The blank brain CT-scan was reassuring with no evi-
dence of hemorrhagic lesions, collections, or mass. Bi-
ological tests were carried out, showing a CRP of 10 mg/L,
slight neutrophilic leukocytosis, a natremia of 144 mmol/L,
potassium of 3.3mmol/L, chloride of 90 mmol/L, bi-
carbonate of 29 mmol/L, and creatinine of 1.13 mg/dL. Liver
enzymes (GOT, GPT, GGT, and PALC) were within normal
limits.

The family doctor initiated betahistine treatment,
without any perceived benefit.

An ENT consultation was sought. No hypoacusis, no new
tinnitus, and no sensation of a blocked ear were identified.
Repeated clinical examinations ruled out BPPV, and
revealed fluctuating, intermittent, and multidirectional
nystagmus, with cerebellar maneuvers that were sometimes
well performed and sometimes dysmetric. The head impulse
test was normal in both cases. The statokinetic tests were also
highly variable: sometimes retropulsion, sometimes lateral
deviation, and sometimes ataxia. The patient was co-
operative and not confused. Severe cramping later appeared.

A neurological consultation was sought, and a cerebral
MRI was ordered to rule out vascular and infectious diseases,
which only identified old vasculoischemic lesions consistent
with severe leukoaraiosis. After a team discussion the fol-
lowing day, the case of the patient described above led to the
hypothesis of HiCS, which was confirmed by the presence of
very low magnesium levels in the blood (< 0.24 mmol/L). It
should be noted that the patient also suffered from acute
renal failure in the context of dehydration linked to vomiting
and increased CPK levels following cramps linked to hy-
pomagnesemia. Biological outcome was rapidly favorable
after rehydration and intravenous magnesium supplemen-
tation (3g of MgSO4 in 1h, then 4g in 12h, with nor-
malization of magnesemia 4h after the start of
supplementation). Patient’s complaints improved signifi-
cantly the following day, with the disappearance of intense
dizziness. Slight instability and a slightly unsteady gait
persisted.

After a thorough internal medicine assessment, which
ruled out renal loss (24 h urine), the etiology of the hypo-
magnesemia was attributed to the PPI. The patient was
discharged home with a prescription for oral magnesium
(450 mg three times a day, then reduced to two times a day).
Given the severity of Barrett’s esophagus, and in the absence
of an effective alternative, it was decided to continue the PPI
treatment. Vestibular testing, including VHIT, VNG, ves-
tibulomyogenic evoked potentials, and vertical alignment
tests, was performed up to 2.5months after the acute

episode. All results were within normal limits, with no
evidence of semicircular canal or otolithic dysfunction.

Fourteen months later, the patient returned to the
emergency room with similar symptoms. The patient had
stopped taking oral magnesium supplements. Laboratory
tests confirmed hypomagnesemia of 0.11 mmol/L. Once
again, the evolution was rapidly favorable after
supplementation.

4, Discussion

Hypomagnesemia is a rare but often overlooked cause of
cerebellar syndrome. The typical clinical picture includes
a subacute cerebellar syndrome (dizziness, nausea, vomiting,
balance problems leading to walking difficulties, dysarthria,
and ataxia) with downbeat nystagmus, accompanied by
bilateral cerebellar edema of the hemispheres, vermis, or
nodulus [4, 5]. Some patients may experience seizures.
However, as in the second case presented, the clinical picture
may fluctuate over time, complicating the differential di-
agnosis. Similarly, MRI may be normal despite severe
clinical symptoms [4, 6, 7]. It is therefore important to evoke
this diagnosis in the presence of any atypical dizziness,
balance disorders, or even predominant seizures, and to
measure serum magnesium, even if the imaging is normal.
Patient’s observation with regular re-examination also seems
useful. A rapid response after magnesium supplementation
will confirm the diagnosis, even though half of the patients
may retain residual symptoms in the long term [4, 7].
Identifying the cause of the cerebellar syndrome is
crucial to provide a timed, etiological treatment, as some
causes may require urgent management (e.g., stroke). The
differential diagnosis includes metabolic (hypoglycemia,
hypocalcemia, hypomagnesemia, hyponatremia, thiamine,
or vitamin E deficiency), toxic (ethanol, lithium, and heavy
metals), drug-related (antipsychotics, antiepileptics, met-
ronidazole, and cyclosporine), infectious, immune (multiple
sclerosis, systemic lupus erythematosus, Miller-Fisher
syndrome, and gluten ataxia), endocrine (hypothyroidism),
degenerative (idiopathic cerebellar atrophy), vascular
(stroke and posterior reversible encephalopathy syndrome),
neoplastic, or paraneoplastic disorders [8]. The history and
overall clinical picture will often guide the diagnostic ap-
proach. Complementary exams should not be overlooked if
there is a slightest doubt, including imaging to rule out
vascular or oncological disorders and laboratory workup. In
any case, the serum magnesium measurement is a fast,
inexpensive test that enables rapid differential diagnosis,
avoiding unnecessary and costly complementary exams.
Neurological disorders secondary to hypomagnesemia
have been attributed to dysfunction of NMDA channels,
which are particularly abundant in the cortex, hippocampus,
and cerebellum [9]. Magnesium plays an inhibitory role on
NMDA receptors, acting as a plug in the intracellular part of
the NMDA channel, which is released when the cell
membrane depolarizes. Therefore, low magnesium levels
lead to lower resting potential of these neurons and sub-
sequent hyperexcitability and increased intracellular calcium
levels [10, 11]. In addition, Purkinje cells, characteristic



neurons of the cerebellar cortex, are very sensitive to al-
terations in the level of divalent cations (calcium and
magnesium); hypomagnesemia leads to hyperexcitability of
these neurons by reducing the effectiveness of inhibitory
neurotransmitters and increasing that of excitatory neuro-
transmitters (9). This could explain the predominant cere-
bellar dysfunction observed in severe hypomagnesemia
patients.

Hypomagnesemia can arise from various mechanisms,
including decreased intake, increased losses, or impaired
distribution (3). It may result from insufficient dietary or
enteral intake, particularly in malnourished individuals or
those with chronic alcoholism. Increased gastrointestinal
losses may arise in cases of chronic diarrhea, vomiting, or
PPI intake. Increased renal wasting is primarily due to the
use of loop and thiazide diuretics, but can also occur, for
example, with aminoglycoside antibiotics or calcineurin
inhibitors. In addition, a shift of magnesium from the ex-
tracellular to the intracellular compartment can contribute
to decreased serum levels in certain clinical conditions, such
as refeeding syndrome, acute pancreatitis, or insulin therapy,
but is quite infrequent.

PPIs are the most frequently reported cause of severe
hypomagnesemia and cerebellar syndrome induced by hy-
pomagnesemia [4, 13]. The use of PPIs is associated with an
increased risk of hypomagnesemia, which has been reported
in up to 25% of patients [14, 15]. It would appear, however,
that severe forms are relatively rare, although there are little
data to quantify this. Hypomagnesemia generally develops in
the months following initiation of treatment, but may also
occur at a later stage, sometimes after years [16, 17]. It is
therefore recommended that serum magnesium levels be
monitored regularly in patients taking PPIs, and not just at
the start of treatment [16]. PPI-related hypomagnesemia is
attributed to a reduction in intestinal absorption secondary
to a decrease in the acidity of the intestinal fluid, which
decreases the activity of magnesium absorption channels
(TRPM) [18]. This is thus a class effect, with no habituation,
and requires the PPI to be changed for another class of
antacid, such as H2 blockers [19]. However, there is
sometimes no possible alternative for some patients who are
only well-balanced on PPIs, such as the two patients pre-
sented in this paper. Discussion with the referring gastro-
enterologist is therefore essential. If the PPI is continued,
magnesium supplementation and regular biological moni-
toring will be essential for as long as the PPI treatment is
continued, given the rapid recurrence of the condition when
the replacement treatment is stopped.

The treatment of hypomagnesemia is based on identi-
fying the underlying cause and, if appropriate, eliminating it,
as well as on magnesium supplementation. Initial supple-
mentation depends on the severity of depletion and asso-
ciated clinical symptoms [20, 21]. Mild forms (serum
magnesium > 1 mEq/mL and mild or no clinical symptoms)
can be corrected orally (dosage according to formulation, see
package leaflet; in general, 15-20 mmol/day). More pro-
found hypomagnesemia (< 1mEg/mL) or symptomatic
hypomagnesemia should be corrected intravenously (1-2 g/
h of magnesium sulfate for the first 6h, then 0.5-1g/day
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adjusted as magnesemia progresses). When the prognosis is
vital (torsade de pointe or seizures), more rapid supple-
mentation is recommended (1-2g of magnesium sulfate
intravenously over a few minutes, followed by an infusion of
3-10 mg/min with regular biological monitoring); note that
1g of magnesium sulfate contains 100mg of elemental
magnesium (giving 4 mmol, or 8 mEq). In the event of di-
gestive absorption problems or intolerance to oral admin-
istration, the intravenous route is preferred. An alternative
parenteral administration via the subcutaneous route has
also been used successfully [22]. It should be noted, however,
that despite everything, the oral route appears to be effective
in the majority of cases of PPI-induced hypomagnesemia. In
cases of renal pathology, particular caution should be ex-
ercised to avoid iatrogenic hypermagnesemia (halving the
dosage). Regular monitoring seems essential as nearly half of
the patients have been reported to relapse [23].

5. Conclusion

Hypomagnesemia is a rare but overlooked cause of cere-
bellar syndrome. As the clinical picture can be variable,
fluctuating over time, and sometimes associated with normal
brain imaging, it is essential to measure magnesemia in the
presence of any atypical picture of dizziness, balance dis-
orders, or even seizures. PPI use is the most frequent cause of
severe hypomagnesemia, and discounting them is not always
compatible with control of digestive symptoms. As there is
no habituation, supplementary magnesium treatment for as
long as the PPI is taken is mandatory, with regular moni-
toring of magnesemia. Prompt diagnosis and treatment are
essential, as some of the symptoms may not be reversible
even after the magnesium has been corrected.
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